A real-time PCR targeting the gyrase A subunit gene outside the quinolone resistance-determining region has been developed to detect Arcobacter species. The species identification was done by probe hybridization and melting curve analysis, using fluorescence resonance energy transfer technology. Discrimination between Arcobacter species was straightforward, as the corresponding melting points showed significant differences with the characteristic melting temperatures of 63.5°C, 58.4°C, 60.6°C, and 51.8°C for the Arcobacter butzleri, Arcobacter cryaerophilus, Arcobacter cibarius, and Arcobacter nitrofigilis type strains, respectively. The specificity of this assay was confirmed with pure cultures of 106 Arcobacter isolates from human clinical and veterinary specimens identified by phenotypic methods and 16S rRNA gene sequencing. The assay was then used to screen 345 clinical stool samples obtained from patients with diarrhea. The assay detected A. butzleri in four of these clinical samples (1.2%). These results were confirmed by a conventional PCR method targeting the 16S rRNA gene with subsequent sequencing of the PCR product. In conclusion, this real-time assay detects and differentiates Arcobacter species in pure culture as well as in the competing microbiota of the stool matrix. The assay is economical since only one biprobe is used and multiple Arcobacter species are identified in a single test.
Aerotolerant spirillum/vibrio-like organisms from aborted bovine fetuses were first described by Ellis et al. in 1977 (9) and designated Campylobacter cryaerophila on the basis of their Campylobacter-like morphology, aerotolerance, and growth at 25°C (9) . After examining human and veterinary isolates of these aerotolerant campylobacters, Kiehlbauch et al. identified two species, Campylobacter butzleri, corresponding to the majority of human clinical isolates, and Campylobacter cryaerophilus, consisting of two distinct groups (20) . Vandamme et al. proposed the genus Arcobacter to encompass aerotolerant campylobacters (36) . This genus comprises human and veterinary species, including Arcobacter butzleri, Arcobacter cryaerophilus, Arcobacter cibarius, and Arcobacter skirrowii, and also the type strain from the root of a Spartina plant, Arcobacter nitrofigilis. Two new species, Arcobacter sulfidicus, which inhabits coastal marine water (42) , and Arcobacter halophilus, isolated from a hypersaline lagoon (8) , represent the diversity of Arcobacter and its capacity to survive in the environment. The genus Arcobacter has been included with the genus Campylobacter in the Campylobacteraceae family, which is part of the Epsilonproteobacteria (11) .
Despite the prevalence of Arcobacter species in food specimens, few studies have reported human Arcobacter infections (23) . The bacterium was first identified in 2.4% of clinical isolates from 631 Thai children with diarrhea (34) . An outbreak of recurrent abdominal cramps in 10 young children in Italy was attributed to A. butzleri (37) . Arcobacter butzleri has been linked to sporadic cases of diarrhea and abdominal cramps in patients with chronic diseases (24) , such as neonatal bacteremia (27) , liver cirrhosis (44) , and acute appendicitis (22) . More recently, a Belgian study revealed that 3.5% of campylobacters and related organisms isolated from human stool samples over an 8-year period were A. butzleri (38) . In one of our previous studies, A. butzleri ranked fourth among the 2,855 strains of Campylobacter-like organisms received during a 17-month surveillance of Campylobacter infections in France (28) . These infections were associated with intestinal disorders resembling those caused by Campylobacter jejuni. These observations suggest that the prevalence of this emerging pathogen may be underestimated due to inadequate culture conditions and/or false identification (14, 38) . Traditional isolation methods for Arcobacter are similar to those for Campylobacter, although the majority do not grow at 42°C. The problems associated with culture failure or with the standard phenotypic methods of identification have led to the investigation of new approaches for assistance in the preliminary diagnosis of Arcobacter infections. Conventional PCR-based techniques targeting ribosomal genes, such as the 16S RNA gene (13, 15, 32, 41) and the 23S rRNA gene (15, 16, 18, 26) , have been widely used for the detection and identification of Arcobacter species. The increasing relevance of nucleic acid amplification tests for the detection and identification of Arcobacter species is now obvious, particularly in light of culture failure and misidentification. With respect to nucleic acid amplification tests, different real-time PCR chemistries are available, with the most frequently used formats being SYBR green, hybridization probes, TaqMan probes, molecular beacons, and Scorpion probes. These PCR formats are usually very sensitive, can be performed in less than 3 hours, and minimize the risk of cross-contamination with other PCR products since all of the steps occur in the same tube and no postamplification handling is necessary. Among these methods, two specific TaqMan assays were recently described for detection of A. butzleri and A. cryaerophilus (4) .
Real-time PCR using the fluorescence resonance energy transfer (FRET) hybridization probe method is very promising since it can detect single nucleotide polymorphisms (SNP) with only one biprobe. We have recently described a FRET realtime PCR assay targeting the gyrA gene for rapid and sensitive identification and differentiation of C. jejuni and Campylobacter coli (25) . The present study reports the development of a real-time PCR assay using FRET chemistry and targeting the gyrase A gene (gyrA) outside the quinolone resistancedetermining region (QRDR) in Arcobacter species. Subsequent identification of the species was based on melting curve analysis (MCA) of the amplified products by detection of the nucleotide changes between the species. The advantages of this new test are the relatively low cost (since only one biprobe is used) and the possible detection and identification of multiple Arcobacter species in a single test. All arcobacters were grown as previously reported (28) . Some of these strains were initially identified as members of the Campylobacteraceae family by phenotypic methods, i.e., morphology, motility, growth in a microaerobic atmosphere, and positive oxidase activity. Identification at the species level was performed by 16S rRNA gene sequencing as previously reported (28) .
MATERIALS AND METHODS

Bacterial
A panel of bacterial strains was used to evaluate the specificities of the different primers designed during this study. These strains included a large panel of Genomic DNA was isolated by using a QIAamp DNA mini kit (QIAGEN SA, Courtaboeuf, France) and stored at Ϫ20°C until required for analysis.
Stool samples. In total, 345 stool clinical samples were screened with this assay. They were obtained from patients (male/female ratio, 0.56; mean age, 41.4 Ϯ 28.9 years) suffering from diarrhea and presenting themselves at Pellegrin Hospital (Bordeaux, France) between July and September 2005. Genomic DNA was extracted from the stool samples by using the QIAamp DNA stool mini kit (QIAGEN SA) and stored at Ϫ20°C.
All stool specimens were also cultured for Arcobacter species by using two methods. The first was inoculation of an enrichment broth (Arco broth) incubated for 24 h at 37°C and subcultured on an Arco agar according to a method previously published (6) . The plates were incubated at 37°C in a microaerobic atmosphere for 7 days. The second method was a filtration method using a 0.65-m filter (Millipore, Billerica, MA) on a blood agar plate without antibiotic incubated for 7 days. Colonies were identified according to standard methods.
PCR and DNA sequencing of the gyrA gene. The available gyrA sequences (1) from the five A. butzleri strains, D2686, 520H-2004, 1137-2003, 1340-2003 , and CCUG 34397 B (GenBank accession numbers DQ464331 to DQ464335, respectively), were aligned with those of the A. cryaerophilus A169/B type strain, the A. cibarius CCUG 48482 type strain, the A. skirrowii 449/80 type strain (GenBank accession numbers DQ464336 to DQ464338, respectively), and the A. nitrofigilis A169/B type strain (GenBank accession number DQ464339) by using multiple sequence alignment with hierarchical clustering (5) (http://prodes.toulouse.inra .fr/multalin/multalin.html). Primers were designed to target a conserved region outside the QRDR. The resulting primer set (F-Arco-FRET5 and R-Arco-FRET5) was designed using web Primer3 software (30) (http://www.broad.mit .edu/cgi-bin/primer/primer3_www.cgi). Use of these primers resulted in the amplification of a 905-bp PCR product. PCR was performed with PWO super yield Taq polymerase (Roche Diagnostics, Meylan, France). The amplification parameters consisted of 1 cycle at 95°C for 5 min, followed by 35 cycles at 95°C for 30 s, 56°C for 30 s, and 72°C for 2 min, and finally 1 cycle at 72°C for 5 min. , and PC249) were amplified using this PCR assay and sequenced on both strands with PCR primers using an Applied Biosystems 3130xl genetic analyzer (Applied Biosystems, Foster City, CA) with a fluorescence BigDye Terminator V1.1 cycle sequencing kit (Applied Biosystems) according to the manufacturer's instructions.
Design of the primers and probes for FRET-PCR identification of Arcobacter species. The gyrA sequences (Table 1 and Fig. 1 ) from A. butzleri (n ϭ 11), A. cryaerophilus (n ϭ 6), A. cibarius (n ϭ 1), A. nitrofigilis (n ϭ 1), and A. skirrowii (n ϭ 1) were aligned and analyzed to identify (i) conserved regions for the primer design and (ii) a specific region for individual probes designed to differentiate the above-mentioned species. LightCycler (LC) probe design software version 1.0 (Roche Diagnostics, Neuilly sur Seine, France) and the LC probe design software module with the mutation search module were used (29) . The sensor probe, 5Ј labeled with LC-Red 640 and 3Ј phosphorylated, hybridized perfectly with the A. butzleri gyrA sequence and presented two, four, three, and two nucleotide mismatches with the A. cryaerophilus, A. cibarius, A. skirrowii, and A. nitrofigilis gyrA sequences, respectively. The anchor probe (melting temperature [T m ] ϭ 65°C), 3Ј labeled with fluorescein, hybridized 2 bases upstream from the sensor probe (T m ϭ 54°C) and frequently presented one or two mismatches (depending on the strain) with the A. cryaerophilus gyrA sequence. As this mismatch(es) is located at the 5Ј extremity of the probe, it should not have any influence on the FRET. The anchor probe presented four, three, and one nucleotide mismatch with the A. cibarius, A. skirrowii, and A. nitrofigilis gyrA sequences, respectively. This mismatch(es), located near the 3Ј extremity of the sensor probe, could hinder the stability of hybridization and thus the FRET. Two oligonucleotide primers were selected (F1-/R2-FRET5) for the amplification of Arcobacter species.
Real-time FRET-PCR for identification of
Arcobacter species by use of the biprobe. The PCR and hybridization reactions were carried out in glass capillary tubes (Roche Diagnostics) in an LC thermocycler (Roche Diagnostics). The 7-l reaction mixture contained 0.7 l of FastStart DNA master hybridization probe mixture (Roche Diagnostics), 2 mM of MgCl 2 , 0.7 M each of the F1-FRET5 and R2-FRET5 primers (Table 1) 
RESULTS
Development of the test.
To identify Arcobacter species, we developed a FRET real-time PCR consisting of amplification of a fragment of the gyrA gene in Arcobacter species with subsequent detection of the species by probe hybridization and MCA.
Alignment of gyrA sequences from 20 Arcobacter strains, including A. butzleri (n ϭ 11), A. cryaerophilus (n ϭ 6), A. cibarius (n ϭ 1), A. nitrofigilis (n ϭ 1), and A. skirrowii (n ϭ 1) strains, was performed in order to design primers and probes Because of the constraints imposed by the LC software for the probe design (the highly conserved anchor probe and mismatches located on the sensor probe, a maximum gap of 5 bases between the probes, and restricted T m s for the probes), only one region of the gyrA gene outside the QRDR (nucleotides 1830 to 2364) could be used for the primer and probe design. Because A. butzleri is the most frequently encountered Arcobacter species, the probes used in this study were designed on the A. butzleri gyrA gene. Identification of control strains and specificity of the assay. An increase in fluorescence was observed during real-time PCR, with threshold cycle values of approximately 18.5, 20, 25.5, and 28 cycles for the A. butzleri, A. cibarius, A. cryaerophilus, and A. nitrofigilis type strains, respectively (data not shown). MCA of the 352-bp amplicons from the same strains identified a unique melting peak for each species (63.5°C, 60.6°C, 58.4°C, and 51.8°C, respectively) (Fig. 2) , allowing unambiguous differentiation of these four species.
Then, this assay was applied to pure cultures of 106 Arcobacter isolates (A. butzleri [n ϭ 99] and A. cryaerophilus [n ϭ 7] isolates) obtained from human clinical and veterinary specimens. An excellent agreement between this test, the phenotypic methods, and the 16S rRNA gene sequencing performed on these 106 strains was obtained, suggesting a good specificity and reproducibility for this assay, especially for the identification of A. butzleri and A. cryaerophilus. Maximum differences of 0.5 to 1°C in the melting peak temperatures were observed between different runs (25 runs), resulting from variations in the temperature profile generated by the LC thermocycler. Concerning the species A. cibarius and A. nitrofigilis, only one isolate of each could be tested.
The specificities of the PCR primers F1-/R2-FRET5 were tested using other bacterial species, such as related non-Arcobacter species or other bacteria which could be present in stool samples. The FRET signal as well as the expected 352-bp amplicon observed by agarose gel electrophoresis analysis was obtained only for A. butzleri, A. cryaerophilus, A. cibarius, and A. nitrofigilis. They were not observed in A. skirrowii or in related bacteria which could be present in stool samples, including Campylobacter, Helicobacter, and Wolinella (see Materials and Methods). These results confirm the excellent specificities of the primers and the discriminatory power of the hybridization probe assay.
The reverse PCR R2-FRET5 primer presents a T/A mismatch at its 3Ј end on the A. skirrowii gyrA gene (data not shown), which explains the lack of amplification for this spe- cies. Consequently, a new set of primers was designed for A. skirrowii amplification, using the same probes and identical reaction conditions so that the assay could be run concurrently. MCA of the 394-bp amplicon from A. skirrowii revealed the presence of a double curve, which was difficult to interpret (not shown). This bimodal curve may result from an unstable hybridization of both the anchor and the sensor probes on the gyrA gene of A. skirrowii since nucleotide mismatches are located at the 3Ј and 5Ј extremities of the anchor and sensor probes, respectively (Fig. 1) , thus preventing a good FRET. Considering this result, only A. butzleri, A. cryaerophilus, A. cibarius, and A. nitrofigilis can be identified by this assay.
Comparison with standard nucleic acid amplification tests. The standard PCR described by Houf et al. (15) for species identification of A. butzleri and A. cryaerophilus strains as well as identification at the species level by sequencing of the 16S rRNA gene (28) was performed on all of the strains. A complete agreement was found (data not shown).
Evaluation of the sensitivity of the test. The sensitivity of the PCR was evaluated using 10-fold serial dilutions of a bacterial suspension of A. butzleri in brucella broth, which was quantified by culture on specific media and subsequent colony counts. PCRs with the DNA extracted from the bacterial suspensions yielded regression curves with slopes between Ϫ2.946 and Ϫ3.512, spanning the slope value of Ϫ3.33, which corresponds to the maximum efficiency. Although this assay was able to detect fewer than 30 CFU, the regression curve was linear only from 3 ϫ 10 7 to 3 ϫ 10 2 CFU with reaction volumes of 20 l or 7 l.
Moreover, this assay always led to a positive result with the use of the conventional boiling method, in contrast to standard PCR (data not shown).
Detection of Arcobacter species from human stool samples.
Of the 345 stool samples obtained from patients with diarrhea, this assay was able to detect A. butzleri DNA in four cases (ϳ1.2%), with the T m s ranging from 62.86°C to 64.22°C, compared to the A. butzleri D2686 type strain, which exhibited a T m of 62.72°C (Fig. 3A) . Furthermore, agarose gel electrophoresis of the amplified products confirmed the presence of the 352-bp amplicon for the four positive fecal samples (data not shown). The presence of A. butzleri DNA in these four samples was also confirmed by the standard PCR assay described by Houf et al. (15) . This PCR assay yielded the expected 401-bp PCR product (Fig. 3B ) for these four positive samples, whereas no amplification was observed with the 50 negative stool samples tested as negative controls (data not shown). Sequencing of the 401-bp PCR products revealed that the amplified 16S rRNA gene sequences from these four positive stool samples corresponded to A. butzleri, with 100% identity on the entire length of the primerless amplicon sequence. These results concur with those obtained with the real-time FRET-PCR assay for the direct detection of A. butzleri in feces.
Conversely, none of the stool samples was positive for Arcobacter species by culture.
DISCUSSION
Several studies described the detection of Arcobacter in the stools of animals. In most, culture was carried out to isolate the strain; then, nucleic acid amplification tests, such as PCR and/or sequencing, were performed for species identification (3, 28, 39) . Concerning human specimens, Kulkarni et al. investigated the optimal method for detection of Campylobacterlike organisms from stool samples by comparing selective cul- ture with membrane filtration and PCR (21) . They concluded that membrane filtration was the best method for detection of Arcobacter species in stool samples, but this conclusion was based on the detection of a single positive sample by culture. In contrast, the results obtained by Engberg et al. showed the difficulty in screening human stool samples for the presence of Arcobacter species, since no single method can successfully identify isolates from all taxa (10) . A more recent study showed that among 255 patients hospitalized with gastrointestinal complaints in South Africa, A. butzleri, A. cryaerophilus, and A. skirrowii were detected by PCR in 7.5, 3.5, and 2% of the stool specimens, respectively (31) . The authors emphasized the usefulness of molecular techniques in the identification of Arcobacter species compared to that of the culture method. Molecular techniques constitute an important advance in the rapid diagnosis of gastrointestinal infections when the organisms are fastidious. Among the numerous molecular techniques, realtime PCR is an important tool for the rapid and unequivocal detection of bacterial species in complex human clinical samples, such as stool samples. The PCR format described herein has shown its ability to detect specific Arcobacter species, with the exception of A. skirrowii, in a specific and reliable way. This method is rapid and convenient and, moreover, in comparison to the real-time PCR method previously described (4) is economical since it has the advantage of using only one biprobe in a low final volume. Such a method should facilitate the detection of the emerging pathogenic Arcobacter species. Of the most popular real-time detection formats currently used (SYBR green, hybridization probes, TaqMan probes, molecular beacons, and Scorpion probes), the SYBR green format was excluded since (i) the specificity is not optimal, as no probe is used, (ii) the identification of several species in a single test remains difficult as several primer sets are necessary, and (iii) distinct T m s are also necessary to identify each species without ambiguity. For the identification of the two most frequently encountered Arcobacter species, two specific real-time PCRs using TaqMan chemistry were recently reported (4). These TaqMan assays require a mixture of probes (each labeled twice, as is the case for molecular beacons and Scorpion probes), producing a cost twice as high as that of FRET hybridization probe chemistry with the SNP detection format, for which only one biprobe (each probe labeled once) has to be used. For this reason, a FRET hybridization probe PCR with the SNP detection format was chosen. Consequently, the primer set and biprobe were designed to amplify a gene common to the Arcobacter species but presenting ample sequence divergences for species differentiation by MCA. Concerning the target gene, the 16S rRNA gene speciation of Arcobacter species seems satisfactory since several techniques were developed successfully (13, 15, 32, 41) . However, 16S rRNA gene-based taxonomy is not highly discriminant for Epsilonproteobacteria. Indeed, discordant 16S and 23S rRNA gene phylogenies among Helicobacter species (7) as well as a lack of discrimination among Campylobacter species (12) were reported. Therefore, in this study ribosomal genes were not chosen as a possible target for the PCR. The gyrA gene encoding a subunit of DNA gyrase, an essential bacterial enzyme (33, 35, 40) , was reported to be an important tool for bacterial phylogeny (17, 19, 43) . Furthermore, a FRET real-time PCR targeting the gyrA gene was previously used as a rapid and sensitive method for identification and differentiation of C. jejuni and C. coli (25) , which motivated our choice for this approach.
The results obtained with the 345 stool specimens tested with this PCR assay showed a higher sensitivity than those for culture since no positive culture could be obtained from these specimens. However, slightly higher T m s were observed for the three positive stool samples than for the control isolates. Indeed, 10% of the extracted stool sample was directly used for the assay whereas DNA extracted from the strains was highly diluted before use. These T m differences observed for the stool samples may be due to the stool composition modifying the final salt concentration and/or the pH of the PCR mix.
With regard to the previously reported PCR assays (4, 13, 15, 16, 18, 26, 32, 41) , this FRET real-time PCR assay is of interest for detection and identification of A. butzleri, A. cryaerophilus, A. cibarius, and A. nitrofigilis in a single test. This assay detected Arcobacter species in 1.2% of the stool samples from 345 patients with diarrhea, which is higher than previous estimates for France and Belgium obtained by culture (28, 38) . This demonstrates the utility of molecular techniques in the diagnosis of human Arcobacter infections and highlights the fact that human Arcobacter infection is underestimated. Interestingly, another study performed by PCR supports our results since Arcobacter species were detected in 12.9% of the stools of diarrheic patients from South Africa (31) . The latest study also revealed the presence of Arcobacter species in 3% of the stools of asymptomatic children from South Africa. Moreover, an Arcobacter-selective isolation procedure revealed the presence of A. cryaerophilus in 1.4% of the fecal samples of asymptomatic humans in Switzerland (14) . It would be interesting to use the FRET real-time PCR developed in this study to determine the prevalence of Arcobacter species in healthy subjects in different countries of the world.
